Abstract: Movement and dispersal are critical processes for almost all organisms in natural populations. Understanding their causes and consequences is therefore of high interest. While both theoretical and empirical work suggest that dispersal, more exactly emigration, is plastic and may be a function of local population density, the functional relationship between the underlying movement strategies and population density has received less attention. We here present evidence for the shape of this reaction norm and are able to differentiate between three possible cues: the relative number of individuals, the presence of metabolites (chemical cues) and resource availability. We performed microcosm experiments with the ciliate model organism Tetrahymena in order to understand the plasticity of movement strategies with respect to local density while controlling for possible confounding effects mediated by the availability of different cues. In addition, we investigated how an Allee effect can influence movement and dispersal plasticity. Our findings suggest that movement strategies in Tetrahymena are plastic and density-dependent. The observed movement reaction norm was U-shaped. This may be due to an Allee effect which led to negative density dependence at low population densities and generally positive density dependence at high population densities due to local competition. This possibly adaptive density-dependent movement strategy was likely mediated by chemical cues. Our experimental work in highly controlled conditions indicates that both environmental cues as well as inherent population dynamics must be considered to understand movement and dispersal. that dispersal, more exactly emigration, is plastic and may be a function of local population density, the functional relationship between the underlying movement strategies and population density has received less attention.
Introduction
Dispersal is a central process for natural populations, as it links local populations 1 to each other such that they form spatially structured populations (e.g. metapop- 
12
Dispersal comprises three more or less distinct phases: emigration, transition 13 and immigration (Clobert et al., 2012) . During all three phases, the acquisition, 
26
Here we focus on the effects of intra-specific density on movement strategies 27 (density-dependent movement, DDM), because movement is the microscopic pro- scenario DDE may have a negative slope at low densities but will become positive 58 again at higher densities leading to a roughly u-shaped function (see Figure 1 ).
59
While these theoretical predictions are straightforward, empirical evidence is 60 somewhat confusing and ambiguous. Positive density-dependence has been found the effects of different chemical compounds.
154
To quantify the combined effect of all three possible cues on movement strate-
155
gies as well as to obtain equilibrium densities and growth rates for our study species is the carrying capacity and r 0 is the growth rate using a non-linear least squares 161 approach (statistical software R; version 3.0.2; function "nls").
162
Data collection
163
After one hour of treatment, the populations in the microcosms were sampled and Kropf & Altermatt, 2014).
196
As Turchin (1998) noted, the turning angle distribution might suffer from au- 
Results

228
Relative number of individuals 1997).
340
The decrease in velocity and net distance travelled we observed at the highest 
346
Based on these interpretations and our predictions (illustrated in figure 2 escape from these conditions.
371
Our results suggest that the width of the turning angle distribution is a major increased the number of turns in a one-dimensional landscape, indicating that the 400 presence of competitors affected velocity, which then led to more displacement.
401
The reaction norms we measured confirm these findings, except for the effect of 402 resources on velocity which is inverted here. We suggest that this is due to a pos-
403
itive metabolic effect linked to resource intake and that our study organisms were 404 more resource limited.
405
In conclusion, our study allows us to tentatively generalize DDM (and by ex- on whether data were collected for generally low or high densities. 
